ABSTRACT
INTRODUCTION
here are advantages to both Economic Production Quantity (EPQ) model and the Kanban model (Nicholas, 1998). The EPQ is a variation of the economic order quantity model (EOQ) but, unlike in the EOQ model where orders are received all at once, orders in the EPQ model are received gradually over time.
The objective of this study is to fill a research gap by evaluating EPQ to Kanban for a single line, multiproduct item production system under various setup times. The objective will be accomplished by utilizing simulation to evaluate Kanban and EPQ production systems. The primary variable is setup time. The performance measure is average WIP inventory cost. This research will help practitioners determine the conditions under which the EPQ and the Kanban systems are more appropriate for them so that their companies could better compete in the competitive global marketplace.
The Arena 1 (Kelton et al., 2002 ) simulation package will be used to carry out simulation of the Kanban and EPQ production systems and the results will be analyzed using statistical methods from Arena. The performance metric used is average WIP inventory cost, measured by the average inventory cost of products in the whole production line per day. This includes the products being processed at the machines and the products stored in buffers. Units of measure are dollars. 1 Arena is a registered Trade Mark of Rockwell Software, In., Sewickley, PA.
RESEARCH VARIABLE
Setup time is the variable that is used to evaluate the EPQ and Kanban control systems. Setup time is the time to change a machine over to be ready to manufacture a product type.
METHODOLOGY
The simulation language to be used in this study is Arena (Kelton et al., 2002) , a SIMAN based simulation package. For a complete treatment of SIMAN the interested reader is referred to Pegden et al. (1995) . The Kanban and EPQ production systems and the results will be analyzed using statistical methods from Arena. Average WIP inventory cost is the performance metric.
Research Question And Hypothesis
In a station-to-station shop with setups, does a Kanban controlled or an EPQ controlled process have lower average WIP inventory cost? 
General Description Of Simulation Models
The Kanban and EPQ simulations emulate the manufacture of a finished product that needs no assembly. This study is a simulation of a serial flow shop with kanban container size of 5, 10, and 15. The intent of using different container sizes is to enhance any differences between Kanban and EPQ, and to investigate changes as the size of the container increase. Figure 2 is a graphical representation of the WIP inventory arrangement between each pair of workstations of the EPQ simulation model. The process batch size specifies the number of units to be completed between setups. When the process batch is complete the workstation undergoes a setup for the next product in line.
EPQ Control Simulation Model

Figure 2: EPQ Simulation Model
Statistical Technique
Since this is an exploratory multi-factor study, analysis of variance (ANOVA) is considered appropriate. The intent of the study is not to determine the exact nature of the relationship between the independent and dependent variables, but to determine if a relationship exists. This information will be provided by ANOVA (Kelton, 2002) .
The hypotheses are concerned with contrasting the effects of setup time on Kanban and EPQ individually.
Average WIP inventory cost is the primary focus of the study.
The level of significance for statistical tests of primary factor and interaction effect is 0.05. The alternatives for the statistical test for the primary and interaction effects are:
Ho:
factor effect = 0, the factor has no effect Ha:
factor effect  0, the factor does have an effect
The decision rule is: 
Number of Replications
The number of replications to obtain the desired precision is automatically calculated by the Arena software. The desired precision is a 95% confidence that the estimated means are within 0.1% of the true mean on the Total Cost measure. Both the EPQ and Kanban simulations were utilized for this determination.
Verification of EPQ and Kanban Simulation Model
Verification entails ensuring that the logic of the model is good. To accomplish this, the logic constructs selected for the modules that were used were compared to the system parameters delineated in Table 2 . It was determined that the model met these parameters.
In addition, further verification was accomplished by running the simulation with animation. As stated, "Animation is often very useful during the verification and validation phases because it presents the entire system being modeled as it operates" (Kelton et al., 2002) . It was determined that with the animation that the model appeared to operate very similar to the way the system was described.
The Kanban simulation was run for a setup time of 5 minutes and kanban container size of 10. It was run for 51 replications. The results were analyzed and the values had face validity. It was therefore concluded validated.
Research Caution on Comparing EPQ to Kanban System
This study is making an evaluation of the Kanban and EPQ control systems. The EPQ and Kanban systems are two different systems and direct comparisons can be difficult to make. Since these are two different systems, direct statistical analysis between the systems cannot be made. However, general overview statements can be made when making a comparison between the two systems.
A statistical analysis of effect of setup time on Kanban system and EPQ system will be made in this research. These are made separately. A general overview statement can and will be made comparing the two systems in the conclusion.
RESULTS
Once the simulation model was tested and verified, data was collected to analyze the Kanban and EPQ systems. The model provided the data on the performance measure of average WIP inventory cost. Units of measure are dollars. 
Results of EPQ/Kanban, WIP Cost vs. Setup Time
SUMMARY
This research is exploratory with the objective of testing theory and making evaluations of Kanban and EPQ control methods. The research studied the effects of the variable setup time on average WIP inventory cost. The model simulated a multi-product, station-to-station shop with setups. The research question addressed was, "In a station-to-station shop with setups, does a Kanban controlled or an EPQ controlled process have lower average WIP inventory cost?"
Effect of Setup Time between Kanban and EPQ
The setup time variable was evaluated for the two systems (Kanban and EPQ) against the performance measures of average WIP inventory cost. Even though a direct statistical comparison cannot be made between Kanban and EPQ some general conclusions can be made. The results of these analyses are summarized in Table 3 . 
CONCLUSIONS AND MANAGERIAL IMPLICATIONS
By evaluating the Kanban and EPQ in a single study, this research offers managers a better understanding of choosing the correct production system for their multi-product production line. This contribution is significant because it evaluates the different systems and provides insights on selecting the correct system for a multi-product production system. The expected finding for the research question was that when setup times are high (greater than 30 minutes), Kanban will have lower average WIP inventory costs. It was expected that EPQ will have lower average WIP inventory cost at some setup time of less than 15 minutes.
On the measure of average WIP inventory cost while varying setup time, Kanban outperforms EPQ at setup times greater than 12 minutes. EPQ outperforms Kanban 15 at setup times of less than 12 minutes and outperforms Kanban 10 at setup times less than 8 minutes. These findings proved the expected results. More importantly the research gives practitioner a tool to evaluate their situation. It demonstrates the importance of kanban container size and setup time on the WIP inventory cost, which was the performance metric.
An advantage of the Kanban system is that it has some more flexibility than EPQ. It is a method of adapting to changes due to problems and demands by having all processes produce the necessary product at the necessary time. An advantage of the EPQ is that it has lower overall annual setup cost. This is partially accomplished by producing in larger lots and therefore reduces the number of setups required and the resultant setup costs.
